The invention relates to a sensor for authenticity 
identification of signets on documents as claimed in the 
preamble of patent claim 1, and to a signet which interacts 
with the sensor and has at least one identification feature. 
Various embodiments of such a sensor have been disclosed. The 
subject matter of DE 41 17 Oil Al describes an optical sensor 
in which, in particular, diffuse, low-intensity radiation is 
intended to be detected, such as that which also occurs when 
checking currency bills which are provided with luminescent 
features . 

The sensor system described there comprises a 
conically widening optical fiber rod and further-processing 
optics, in which case the radiation coming from the 
measurement object can be detected over a wide spatial angle 
using the narrow cross-section end of the fiber rod. Owing to 
the cross-section conversion, the radiation emerges from the 
fiber rod at a considerably narrower angle, which is matched 
to the aperture angle of the subsequent optics. 

Although it is possible to detect relatively low- 
intensity luminescent features using this sensor, the 
strength of the detected luminescent features must not, 
however, fall below a specific threshold when they are 
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distributed over a relatively large area. It is therefore 
still relatively insensitive. This is because the use of a 
conically formed fiber rod results in the disadvantage that 
detection can take place only in a region in the form of a 
point on the document, which fails to occur when the element 
to be investigated (also referred to as the identification 
feature) is arranged at other points on the document. 

Furthermore, excitation using conventional light 
sources with visible light (for example incandescent lamps) 
leads to a relatively weak luminescence signal, which must be 
detected by the fiber rod and must be supplied to the 
evaluation optics. 

The invention is therefore based on the object of 
developing a sensor for authenticity identification of 
signets on documents, such that luminescent signets on the 
document can be identified over a considerably larger area of 
the document . 

In order to achieve said object, the invention is 
distinguished by the technical teaching of claim 1. 

The major feature of the invention is that a focused 
beam which is emitted by a beam source is converted by 
focusing optics in such a manner that a scanning line, which 
is roughly in the form of a line, is produced on the surface 
of the document to be investigated and causes the 
identification feature, which is arranged on the document, to 
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fluoresce, and the fluorescence signal is evaluated via 
detection optics by an evaluation unit. 

In order to delineate the individual terms from one 
another, the term "identification feature" is used generally 
as a feature which verifies the authenticity of a document, 
which can be applied directly to the document itself; but 
which can also be arranged in the region of a signet. 

The term w signet" describes a mark or a label, a 
seal, a delineated area of any type or a printed region on a 
document which is connected (for example by being bonded on) 
detachably or non-detachably to the document, on which the 
identification feature is arranged. The later description 
does not define whether the identification feature is located 
directly on the document itself or is part of a signet 
applied to the document and which is connected detachably or 
non-detachably to the document. 

The given technical teaching results in the major 
advantage that the production of a scanning line, which is 
approximately in the form of a bar, on the document to be 
investigated for the first time makes it possible to 
investigate not only areas in the form of points on the 
document, but an entire area in the form of a line, which is 
converted into a corresponding investigation area when the 
document is moved past the measurement window at a specific 
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speed approximately at right angles to the longitudinal axis 
of the scanning line. 

It is thus now for the first time possible to 
investigate a document which is moving past the measurement 
window over a large area for the presence of authenticity 
features, while the document is being moved past the 
measurement window of the sensor and, in the process, the 
scanning line, which is projected on the document surface, 
scans a relatively large area of the document. The 
authenticity feature or signet to be investigated can thus be 
arranged such that it is distributed over a large area of the 
document. The scanning beam is chosen to be sufficiently long 
that the signet is reliably arranged in the region of the 
scanning beam of the document . 

It is preferable for the so-called up-conversion 
effect to be used. In this case, the excitation wavelength is 
longer than the reflected wavelength emitted from the 
authenticity feature. Expressed in the frequenr domain, this 
means that the excitation frequency ir ower than the 
response frequency . 

However, the invention alSo relates to other 
excitation mechanisms, such as th-e use of the "normal" 
fluorescence effect, in which the excitation takes place at a 
specific wavelength and the fluorescent authenticity feature 
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responds at a longer wavelength, which represents the 
opposite effect to said up-conversion effect. 

A third embodiment relates to the fluorescence effect 
in which the excitation is at the same wavelength as the 
emission wavelength, but with the response pulse following 
the excitation pulse with a defined time delay. 

All said effects are the subject matter of the 
present invention, and the protection area of the invention 
extends to the use of all said effects, also when combined 
with one another. 

The further features of the invention are evident 
from the following summary, based on key words: 

Features of the sensor system : 

1. The sensor according to the invention is suitable for 
mounting in a (high-speed) transport apparatus, and may 
also be in the form of a scanner. 

2. It is suitable for detection of a security feature, 
predominantly on flat objects. 

3. A signet, comprising a color with added up-conversion 
pigments, is proposed by preference as the detectable 
security feature. If need be, these pigments can also be 
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added directly in an applied solution, an applied paint, 
the adhesive or the paper. 

The sensor is advantageously suitable for detection of a 
(for example printed-on) security feature with small 
dimensions (for example 5 x 5 mm) . If the security 
feature is applied by printing, the printing can be 
applied within relatively wide limits. The required 
sensor measurement range must therefore cover the entire 
possible printed area, although the signet printed on it 
may appear anywhere in this printing area, and the 
signet may be several times smaller than the printing 
area. 

The measurement area (scanning area, transversely with 
respect to the transport direction) may, for example, 
have a size of up to 70 mm, and the small security 
feature is detected anywhere within this large 
measurement area. 

Position-resolved detection is preferably carried out in 
the transport direction, but position resolution in the 
direction transversely with respect to the transport 
direction is only optional. 
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7. The speed in the transport direction varies from zero to 
4 m/s . 

8. An embodiment in the form of a two-band sensor is also 
preferred, in which the test object is illuminated once ; 
and in which two different spectral bands are evaluated. 
In this case, the received beams are split by means of a 
beam splitter, are each optically filtered separately, 
with different pass band wavelengths, and are evaluated 
in separate receivers. A dichroic mirror is particularly 
suitable for use as a beam splitter. Alternatively, a 
spectral measurement could be carried out, in which the 
presence of one, two or more spectral components and 
their spectral appearance as well as their intensity 
would be monitored. 

9. An integrated UV luminescence sensor can be used as an 
embodiment, in which the test object is illuminated with 
UV light (for example with UV LED at a wavelength of 
370 nm or using a discharge lamp) , and the luminescence 
signal is detected in a different spectral band. 
Specifically adapted optical filters are required for 
this purpose. 
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10. An integrated or external object detector (optical 
barrier) can be used as an additional feature, which 
indicates to the sensor when the object (signet) starts 
and when it ends. 

11. If a synchronization input is used, which is fed with a 
switching signal proportional to speed, it is also 
possible to investigate a certain predetermined 
subsection of the test object on its own in the event of 
speed variations, or the measurement signals, position- 
resolved in the transport direction, can be synchronized 
to this synchronization signal. 

12. Pigments with a rapid rise and a rapid fall time (for 
example typically 0.1 m/s) are advantageously used, in 
order to allow detection at the desired high speeds. The 
electronic evaluation is, of course, matched to the 
characteristic times of the pigments. 

13. Shadowing of external light by means of mechanical 
apparatuses is also advantageous. 

Features of the illumination optics (laser optics) 
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A laser wavelength of 980 ± 10 nm is preferable, and a 
wavelength of 850 ± 20 nm can also be used in another 
embodiment. However, LEDs or other light sources can 
also be used. 

The laser line according to the invention is produced by 
focusing using a commercially available cylindrical lens 
or by focusing using a normal lens and subsequent 
divergence using a cylindrical lens. This results in the 
production of a laser line whose illumination intensity 
is typically at its highest in the center of the 
scanning line. This is due both to the imaging quality 
of the cylindrical lens and to the emission 
characteristic of the laser diode. 

The laser line is preferably produced jointly using a 
normal lens and using an aspheric cylindrical lens or, 
alternatively, jointly using a cylindrical lens array 
or, in another alternative, jointly using a sinusoidal 
lens surface; these optics make it possible for the 
illumination intensity to be distributed to a certain 
extent homogeneously over the entire length of the laser 
line, or to be slightly raised at the edge (or likewise 
in the center) , in order to compensate for the 
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sensitivity variation of the receiver over the 
measurement range . 

4. Alternatively, the "laser line" can be simulated by a 
number of individual beams, which are relatively close 
to one another, in order to identify the small, marked 
signets . 

5. When using a number of individual beams to simulate the 
laser line, the beams can be focused in the object plane 
such that they are slightly defocused, in order to 
achieve an optimum illumination intensity for the 
pigments. The "luminescence efficiency' 7 varies with the 
illumination intensity and is generally at an optimum at 
an illumination intensity which is high, but not too 
high. If the illumination intensity L$s too high, the 



6. The temperature of the ~#5^r diode may be stabilized in 
order to stabilise xzs wavelength, since the 
fluorescence effirie.w.£y of up-conversion pigments is 




signal level of the rece 




may fall again. 




Features of the evaluation 
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The wavelengths which are not desired in the receiver 
are filtered optically. In the main embodiment in 
particular, the actual laser light is filtered out and 
is suppressed. This suppression is preferably chosen to 
be very intense, for example < 10" 7 . In addition, any 
incident daylight is suppressed as strongly as possible. 
An interference bandpass filter with a pass band of 2 0 
to 100 nm is preferably used and, additionally or if 
need be, short- and long-pass filters with suitable cut- 
off wavelengths instead of this filter. 

In order to suppress the external light, the laser light 
is preferably pulsed, and the received signal is 
filtered using an electronic high-pass filter. 

In order to further increase the identification 
confidence, the security feature must be identified 
during at least two, or possibly a greater number, of 
periods, otherwise it is rejected as being inadequate. 

The interference immunity to external light and 
electronic injected interference is further improved by 
a conventional embodiment or - as will be described in 
the following text by a specific embodiment of 

synchronous gain. In order to achieve synchronous gain, 
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the evaluation is carried out via an analog circuit 
having sample -and-hold elements. The synchronous gain 
evaluates only light signals which are received in phase 
with the pulse repetition frequency of the transmitted 
laser light. Furthermore, the signal evaluation may 
include other details, such as sampling of the signal 
once 10% of the pulse duration has elapsed, and 
comparison of this signal with the signal once 60-95% of 
the pulse duration has elapsed. The signal level of the 
comparison signal must now be greater by a certain 
amount than the value sampled first of all. To do this, 
the chosen time windows, in this case 10% and 60-90%, 
must be matched to the bandpass frequency of the 
electronics and, in particular, to the rise and fall 
times of the pigments. A microprocessor is 
advantageously used to monitor these signals and time 
signals. The same principle can be used in the pulse 
pause for the fall in the signal. This specific 
embodiment of synchronous gain at the same time allows a 
certain amount of electronic suppression of the exciting 
laser light, if this has not already been completely 
suppressed by the optical filters. 

5. Alternatively, the evaluation can be carried out using a 
microprocessor with an integrated or external A/D 
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converter. The same evaluation principle can be used in 
this case. 

6. In an alternative embodiment to the invention described 
above, it is proposed that a number of lenses be used, 
instead of a single lens, which are stacked one above 
the other (or in a row behind the measurement window) . 
The light from each lens is then passed through a 
respective reflection cone and falls onto a respective 
receiver. The signals can be evaluated individually, in 
pairs or jointly. A total may also be formed, with this 
signal then being evaluated. 

7. Another preferred embodiment proposes coaxial optics. In 
this embodiment, the transmitted and receiving beams are 
joined together via a beam splitter, which may also be 
dichroic, and leave the sensor housing together. This 
beam splitter is advantageously installed between the 
optics head and the measurement window. In this 
embodiment the sensitivity variation with the distance 
in front of the sensor is less. 

A further preferred embodiment relates to the 
arrangement of a stack of lenses with a short focal length 
and a wide aperture, each having one receiving element. The 
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various lenses each image a portion of the laser line on the 
associated receiving element. In order to gather a large 
amount of light, an imaging scale of 1:1 is preferable, 
together with a focal length of 10-20 mm. The distance 
between the lens and the object is then quite short, and this 
reduces the influence of scattered light. 

The subject matter of the present invention results 
not only from the subject matter of the individual patent 
claims but also from the combination of the individual patent 
claims with one another. All the statements and features 
disclosed in the documents - including the abstract - and in 
particular the physical embodiment illustrated in the 
drawings are claimed as being significant to the invention 
where they are novel individually or in combination in 
comparison to the prior art . 

The invention will be explained in more detail in the 
following text with reference to drawings, which illustrate 
only one embodiment approach. In this case, further features 
and advantages of the invention which are significant to the 
invention are evident from the drawings and from their 
description. In the figures: 

Figure 1 shows, schematically, a plan view of the 
measurement sensor according to the invention; 

Figure 2 shows, schematically, an illustration of the 
focused beam emitted from the radiation source; 
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Figure 3 shows, schematically, an illustration of the 
various focused beams which are emitted from the 
authenticity feature toward the evaluation objects, 
and are received; 

Figure 4 shows a diagram of the laser excitation and its 
response ; 

Figure 5 shows a further embodiment of a sensor, 
illustrating a side view of the receiver head. 
For the sake of simplicity, it is assumed in the 
following description that a laser is used as the beam light 
source. However, the invention is not limited to this, and 
one or more LEDs, or the other light sources mentioned in the 
general part, may also be used as a beam light source instead 
of a laser. 

If a laser is used, the laser wavelength mentioned in 
the general part of the description is preferred. 

The use of a laser generally has the advantage that 
the scanning line is imaged with a relatively high radiation 
intensity on the surface of the document, which is not true 
to the same extent when using other beam sources. 

The illumination intensity is then correspondingly 
lower when using other beam sources, in particular LEDs. 
However, this may be sufficient for some applications. 

In Figure 1, in general, a laser 2 is accommodated in 
a further housing in an outer housing 1, with a focusing lens 
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4 being arranged (see also Figure 2) in a manner which is not 
illustrated in any greater detail in the interior of the 
inner housing, and a cylindrical lens 5, which causes the 
focused beam 6 to diverge appropriately; being arranged in 
front of the beam opening 3, such that said beam is emitted 
in the direction shown by the arrow onto the measurement 
window 10, forming a scanning line 9 approximately in the 
form of a bar. 

The measurement window 10 is in this case assumed to 
be closed by a glass pane. The document 11 to be investigated 
is moved in the direction of the arrow 12 past the front of 
the measurement window, and virtually touching the glass 
pane, with an authenticity feature 13 being arranged in a 
specific area on the document. The important factor is that 
the authenticity feature 13 can now be arranged at different 
points, for example even at the points 13' or 13' ' . This is 
where the invention is effective, providing for the length of 
the scanning line 9 to be at least as large as the outermost 
authenticity feature 13, 13', 13'' to be expected on the 
document, so that the length of the scanning line 9 always 
ensures that it detects an authenticity feature 13 even if 
this is arranged at an unexpected point on the document 11. 

For completeness, it should also be mentioned that 
the focused beam 6 passes through a window 8 in the region of 
an aperture 7, which has a number of windows. 
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The authenticity signet (authenticity feature 13) 
operates on the basis of one of the abovementioned effects 
and, once it has been excited by the laser light in the 
scanning line 9, passes back a reflected beam 14, in the 
directions of the arrows shown, through the measurement 
window 10, passing through the window 16 in the direction of 
the arrow 15. 

The beam in the direction of the arrow 15 is further 
processed in an optics head 17 and is finally supplied to an 
evaluation unit 18. This evaluation unit preferably consists 
of a photo multiplier (photo-intensification tube) . 

Other evaluation units can also be used instead of a 
photo multiplier, such as a matrix camera which operates 
using a CCD chip or a CMOS chip, possibly supplemented by an 
upstream residual light intensifier. 

For the sake of clarity in the illustration in 
Figure 1, the document 11 is at a certain distance from the 
measurement window 10. In reality, this distance is very 
small, and the document 11 is intended to moved past the 
measurement window 10, a few millimeters in front of it, in 
the direction of the arrow 12 . 

Optionally, a so-called document sensor 19 may also 
be provided in the housing 1, and is preferably in the form 
of a light barrier. In this case, a measurement beam 21 is 
passed to the document to be investigated and is reflected 
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back as a reflected beam from this document in the direction 
of the arrow 22, and is passed back through the window 20. 

This confirms whether any document at all is or is 
not present. The laser optics are enabled only after this has 
been done, producing the abovementioned scanning line 9 on 
the document surface 11 to be investigated. 

In addition, the authenticity feature is evaluated 
only in the time in which the document sensor 19 detects the 
presence of any document. 

Figure 2 shows, in more detail, the formation of the 
focused beam 6 produced by the laser 2. It can be seen here 
that the beam produced by the laser 2 passes through a 
focusing lens 4, after which it is then caused to diverge in 
the form of a bar by a downstream cylindrical lens 5. After 
this, it is bounded by one or more apertures 8, 8' located 
one behind the other, in such a manner that, in the region of 
the measurement window 10, it produces the abovementioned 
scanning line 9, in the form of a bar, on a document 11 
located behind this window. 

If a laser 2 is used, the scanning line has a width 
of about 0.1-0.5 mm and a length of 70 mm. 

In this case, the wavelength is preferably in the 
infrared band. 

Figure 3 shows the evaluation of the light reflected 
from the authenticity feature. For its part, each point on 
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the scanning line 9 which is excited by laser light produces 
a focused beam. Some of these focused beams are shown by way 
of example in Figure 3, specifically the focused beams 23-26. 
These are bounded by two interleaved aperture windows 16. 
When appropriately excited by the laser scanning line, the 
outer focused beams 23, 26 are the maximum possible focused 
beams which can be produced. 

After passing through one or more aperture windows 
16, all the focused beams pass through a first aperture 27, 
which has an approximately round profile and bounds the beam 
form. After this, the focused beam passes through a filter 
28, which selects the wavelength to be passed. In the 
described exemplary embodiment, only the 550 nm wavelength is 
intended to be passed. 

After this, the focused beam passes through a second 
filter 29, which absorbs further ambient light in order to 
prevent this from falling on the evaluation unit. After this, 
the light passes through a receiving lens 30, which is in the 
form of a convergent lens and focuses the entire focused beam 
onto a reflection cone 31. This reflection cone is a 
metallically coated hollow body which tapers like a funnel 
from the beam inlet and has internally reflective surfaces. 
This not only ensures that those beams which are imaged 
directly on the receiving element pass through the reflection 
cone 31, but also that those beams which strike the inner 
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surfaces of the reflection cone 31 obliquely, are reflected 
there and are combined with the direct main beam are imaged 
on the receiving element. 

The reflection cone thus significantly intensifies 
the received light beam, since not only the direct beams but 
also side beams which strike the inner walls of the 
reflection cone 31 obliquely are used for evaluation. For a 
given field of view, the reflection cone allows, in 
particular, the optics to have a focal length and a larger 
aperture than would be possible without the cone. 

These relationships apply to the geometric 
illustration in Figure 3, in which the signet has a 
relatively large area and emits a large number of focused 
beams 23, 26, with a large number of focused beams (for 
example the beams 23 and 26) being located at the edge. 

If, in contrast, the signet has a small area, that is 
to say it has a considerably smaller area than that shown in 
Figure 3, then use of the features described in the following 
text results in further advantages in terms of the evaluation 
capability. 

If it is assumed that a small -area signet is arranged 
only in the region of the focused beams 25-26 on the document 
11, then it is possible to achieve sufficient evaluation 
accuracy using just the focused beam 25, 26 at the edge. This 
is because this focused beam is reflected obliquely owing to 
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the reflective inner sides of the reflection cone 31 is added 
to the main beam, is thus intensified, and leaves the outlet 
surface 32 as an outlet focused beam 33 in the direction of 
the arrow. 

It has already been mentioned above that different 
elements can be used for the evaluation unit 18; the 
following description is based on the assumption of a photo 
multiplier. This is an approximately round element which has 
an 8 mm active zone, is arranged directly in physical contact 
with the outlet surface 32 of the reflection cone 31, and 
whose dimensions correspond approximately to the dimensions 
of the outlet surface 32 . 

Figure 4 illustrates, once again graphically and in 
general form, one possible excitation mechanism according to 
the invention. In this case, the amplitude of the beam is 
plotted on the ordinate in the coordinate system, and the 
wavelength is plotted on the abscissa. It is assumed that the 
laser excitation 34 takes place at a specific wavelength X lf 
and that the authenticity feature 13 then responds with 
corresponding up-conversion luminescence 35 at a shorter 
wavelength X 2 . This up-conversion luminescence 35 is detected 
and evaluated by the evaluation unit 18. 

In addition to single up-conversion luminescence in 
the wavelength band X 2 , it is normally possible for even 
further up-conversion luminescences to be produced, for 
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example at the wavelength X 3 , at reference number 36. If 
appropriate, these can also be detected by the evaluation 
unit 18. 

One advantage of the described sensor is that a very 
high transport speed can be used, from zero speed up to 4 m 
per second, so that fluorescent authenticity features 13 on 
appropriate documents 11 can thus be evaluated very quickly. 

A further advantage is that the entire arrangement is 
relatively insensitive to scattered light, since excitation 
takes place using a high light intensity and, in a 
corresponding manner, a relatively high light-intensity 
reflected beam 14 is also produced, which is insensitive to 
scattered light. 

In Figure 5, the same parts mentioned above are 
provided with the same reference symbols. This shows a stack 
of receiving lenses 30, 30' ' which are arranged in a row one 
behind the other, and with each receiving lens imaging a 
portion of the scanning line 9. 

The light from each lens 30, 30' ' is then passed 
through a respective reflection cone 31 and falls onto a 
respective receiver 18. The signals can be evaluated 
individually, in pairs or jointly. A total may also be 
formed, which signal is then evaluated. 
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